This study investigates the completeness of the reporting of infectious diseases in the prefecture of Achaia, western Greece in the period of 1999-2004. We collected hospital records relating to infectious diseases retrospectively from three major hospitals in the region and compared the records to corresponding records at the prefectural public health department (PHD). After record-linkage and cross-validation a total of 1,143 notifiable cases were identified in the three hospitals, of which 707 were reported to the PHD of Achaia, resulting in an observed underreporting of infectious diseases of 38% during the study period. At prefecture level, a further 259 cases were notified by other sources, mainly by the fourth hospital of the region not included in our study, resulting in a total of 966 cases reported to the PHD; 73% of these were reported from the three hospitals included in our study, 27% were notified by the fourth hospital not included in our study and less then 0,3% by physicians working in a private practice or health centre. Meningitis (51%), tuberculosis (12%) and salmonellosis (8%) were the most frequently reported diseases followed by hospitalised cases of varicella (7%), brucellosis (6%) and hepatitis (6%). During the study period, clustering of specific diseases like brucellosis, meningitis, mumps, and salmonellosis was observed, indicating possible outbreaks. Our results show that notification system needs to be improved, in order to ensure proper health resources allocation and implementation of focused prevention and control strategies.
Introduction
The objectives of epidemiological surveillance by mandatory notification of communicable diseases differ depending on the disease, but in general terms they are (i) to describe the ongoing pattern of disease occurrence and to link it to public health action, (ii) to provide information and baseline data for disease investigation and control as well as public health planning and (iii) to study the history and epidemiology of disease [1] .
An increasing awareness of challenges posed by the re-emergence of 'old' communicable diseases [2] , together with new threats such as Severe Acute Respiratory Distress Syndrome (SARS), (multidrugresistant tuberculosis (MDR TB), intentional release of biological agents [3] which emerge from increasing globalisation, climate change, international trade and population movements (especially migration and displacement), has stimulated the strengthening of communicable disease-related health resources in the European Union (EU) [4] [5] [6] . The first European communicable disease epidemiological report, published in 2007, listed several diseases such as chlamydia infections, campylobacteriosis and gonorrhoea as diseases with the highest incidence in the EU (together with salmonellosis, mumps and tuberculosis) [3] . For chlamydia, campylobacteriosis and gonorrhoea the report stated that trends were rising or stable. Infections with human immunodeficiency virus (HIV) and hepatitis C virus (HCV)-associated infections showed rising trends [3] . To be able to use surveillance data as an element of priority setting for health policies, a well organised notification system is crucial.
In Greece, physicians and laboratories use a standardised notification form to report the mandatorily notifiable diseases if certain criteria are met according to the case definition manual of KEELPNO [7] . At prefectural level, public health departments (PHD) are charged with the collection of data for all notifiable diseases. At national level, KEELPNO receives information from all PHDs for the purpose of carrying out epidemiological surveillance and trend analysis. Table 1 shows the list of mandatorily notifiable diseases. Overall, they are similar to those in most European countries, with the exception of campylobacteriosis, chlamydia infections, cryptosporidiosis, giardiasis, gonorrhoea, Haemophilus influenzae infections, yersiniosis (non-pestis) and healthcare associated infections for which notification is voluntary. In 2008, syphilis, gonorrhoea, human papilloma virus infections (HPV), herpes simplex virus infections and chlamydia infections were included in the list of mandatorily notifiable diseases in Greece [7] . Over the last two years efforts have been made by the Hellenic Center for Diseases Control (KEELPNO) to reorganise the notification system by redefining the list of notifiable diseases and introducing weekly reporting instead of monthly reporting.
International literature has shown that undernotification of communicable diseases, and the resulting underestimation of the disease burden is a major flaw of many surveillance systems, because undernotification limits the efficacy of these systems especially concerning the early identification of possible outbreaks [8] [9] [10] [11] [12] [13] [14] [15] . Any surveillance system can only be useful and cost effective if directly linked to the decision-making authorities of the respective country. The linking is needed in order to ensure that public health threats are not only monitored and identified but also contained [1] .
The objective of this study was to investigate the completeness of the notification system for communicable diseases in place in western Greece between 1999 and 2004. For the period under study, we also analysed the incidence, seasonality and other characteristics of the communicable diseases in the area.
Methods
The study was carried out in the prefecture of Achaia in western Greece, which covers an area of 3,271 square kilometres (2.4% of the total area of Greece). According to the 2001 census, the population of the region was 322,790 (3% of the total population of Greece). For the study period 1999-2004, all official infectious disease notifications were obtained from the public health department (PHD) of Achaia.
For the same period, all clinical records of cases with mandatorily notifiable infectious diseases were collected by two researchers, trained nurses attending a masters of science course, from three major hospitals in the area covering 70% of hospital beds in the prefecture of Achaia: the university hospital of Patras (663 beds), the paediatric hospital Karamandaneio, (88 beds) and the general hospital of Aigio (78 beds). Due to access restrictions we did not include the forth hospital in the area (355 beds). Non-hospital notification is extremely low and is unlikely to cause a bias in our study.
Researchers traced and confirmed notifiable cases by using three sources. Firstly, the records kept by the hospital-based Committee of Infectious Disease Control which is responsible in each hospital by law for the continuous monitoring of all communicable diseases. Secondly we traced additional cases through the lists of patients who were discharged from the departments of internal medicine, pulmonology and paediatrics of each hospital and at last, by the records kept in handwritten form in a corresponding book logging laboratory results in the departments of microbiology and cytology of each hospital. These laboratory records were also used to confirm all the cases traced.
For each case traced that fulfilled criteria for notification, a form was filled by the researchers including data on the date of diagnosis or admission, co-morbidities, criteria used for the ascertainment of the case and demographic characteristics (age, sex, residence and prefecture).
Data collected was then compared with official notification data at the PHD to calculate underreporting. The regional results were also compared to the incidence for the corresponding diseases during the same time period, in Greece, by using data from KEELPNO [16] . Incidence rates (per 100,000 population) were calculated using the 2001 census data provided by the National Statistical Service of Greece.
The study was approved by both the Board of Medical School of the University of Patras and the Regional Health Authority of western Greece. The statistical package for social sciences (SPSS) program-version 16.0 was used for data entry and descriptive analysis.
Results
During the six-year study period from 1999 to 2004, 966 cases of communicable diseases were reported to the PHD of Achaia; most of the reported cases were in local inhabitants (76%). Of the 966 reported cases, 707 were notified by the hospitals included in the study, while 259 (27%) additional cases were notified to the PHD by other sources, mostly by the hospital not included in the study and less than 0.3% by private practice and health centre physicians.
For the same time period, 1,143 documented cases of communicable diseases that would have fulfilled notification criteria were identified in the three hospitals; most of these cases (>90%) were traced in the official records of the Committee of Infectious Disease Control.
The addition of 259 cases that were notified to the PHD by mainly the fourth hospital sums up to 1,402 cases. After record-linkage and cross-validation of the 1,143 hospital-documented cases, we found that only 707 cases (62%) had been reported to the PHD of Achaia, resulting in an observed under notification of 38% during the six-year study period. In particular, only 368 out of 571 cases identified at the university hospital were notified to the PHD, resulting in a notification rate of 64%. In the Karamandaneio hospital, the notification rate was similar, as 324 of 522 total cases (62%) were notified to the local PHD. The notification rate decreased to 30% in the hospital of Aigio, where only 15 of 50 cases were notified. Hence the undernotification rate was 36% for the university hospital, 38% for the Karamandaneio hospital and 70% for the hospital of Aigio. Eighty-eight cases deriving from the hospitals examined and notified to the PHD could not be traced in official hospital archives, indicating incomplete documentation in the archives and unofficial ways of notification. Notification rates showed great variation depending on the patients' residence and the season. For local inhabitants rates tended to be rather high, reaching 78% for the hospitals examined, while notification rates were significantly lower, below 40%, when the patient resided in other prefecture. A higher rate of undernotification was observed in autumn ( Figure 1 ).
Sixty per cent of cases were younger than 15 years with a median of 11 years and 63% were males. Almost 50% of the cases were children under the age of 10, both in the PHD and hospital data.
Meningitis, tuberculosis and salmonellosis were the diseases most frequently notified. The nine most frequently identified diseases represent 96% of the total cases ( Table 2 ). (Figure 2 ; meningitis data not shown).
A cluster of five mumps cases was observed in the second half of 2002, with only one additional case reported over the study period.
Salmonellosis and leptospirosis showed a greater incidence during the summer, while brucellosis and varicella peaked in the first half of the year (Figure 2) . The incidence for meningitis was greater in summer months (higher temperatures) and occurred mainly in urban populations. Only 20% of cases were identified as having bacterial meningitis. Our data also indicated that viral or aseptic meningitis affects younger people whereas bacterial meningitis affects older patients. Bacterial meningitis was observed more often in winter and viral meningitis more often in summer.
Moreover, our study showed a higher incidence of cases of varicella, salmonellosis, tuberculosis and hepatitis in urban populations than in rural population. In contrast, brucellosis, leptospirosis and leishmaniasis mainly affected rural populations.
There was a clear male preponderance, especially for leptospirosis (6.5:1) and tuberculosis (2.5:1) ( Table 2 ).
Figure 2
Number of cases of specific notifiable diseases during the study period, prefecture of Achaia, western 
Discussion
The study demonstrates a substantial underestimation of infectious disease incidence and burden in the prefecture of Achaia, western Greece, by present regional surveillance mechanisms, which have not changed significantly during the last years. It is common practice in Greece that cases of infectious diseases are referred from local health centers and private physicians to second and third level hospitals for laboratory verification and treatment. Given the fact that more than one third of the cases (38%) identified in the hospitals included in the study was not reported to the public health authorities, the corresponding incidence of notifiable infectious diseases for the study period would be at least 1.5 times higher. Several studies have shown that undernotification is observed for most of the notifiable diseases in the majority of Member States in the European Union [8] [9] [10] [11] [12] [13] [14] and worldwide [15] . According to our findings, the rate of undernotification was higher for patients from outside the prefecture even though every case should have been notified to the local PHD. Also a higher undernotification in autumn was monitored, which could partly be explained by a reduced alertness of the physicians, because of the decrease in the incidence of infectious diseases following the warmer months.
Obviously the participation of physicians, both in primary and hospital care, in the described mandatory reporting system, may not be so efficient compared with a laboratory reporting system or even a web-based surveillance system that exists in other European countries [17] . Over the last decade several electronic national surveillance systems and specific disease networks have been introduced in several EU countries [18] . The benefits of which in terms of improved timeliness and completeness compared with conventional records have been clearly demonstrated [19] . Several countries, including Greece, may need to look at how best to improve their national standards of electronic disease reporting to be able to compare their data with other EU Member States like the United Kingdom, Germany, the Netherlands and Sweden, where such systems are already in use [19] [20] [21] . Low penetration of internet usage in the Greek society, even among health professionals, along with ethical considerations made it difficult to impose a web-based surveillance system in the last decade [22] . However, the latest surveys indicate that internet use is rising in Greece, especially among young, well-educated individuals and health professionals [23] . Under these circumstances, efforts like the Integrated Geographical System for Epidemiological and other Medical Information (GEPIMI) may be effective, for building a web based surveillance system [23] .
Among the reasons that may have lead to the noticed undernotification, are the complicated notification forms and the procedures required, as well as the fact that the reporting system was not introduced well to health professionals and other related stakeholders [14] . A pilot sentinel system for improving notifications of private physicians across the country was not successful due to declining participation over the study period [24] . Physicians were discouraged from participating by the number of diseases that they are obliged to report.
At least 50% of cases in our survey were in children indicating that even though each infectious disease has a specific pattern, children are one of the most affected groups [25] [26] [27] . However, an over-representation of children in our data cannot be excluded since one of the three hospitals in the study was a paediatric one. There was also a male preponderance in our data which could partly be attributed to social factors in Greece [28] . Urban/rural distribution is a research field that needs attention in order to understand the epidemiology of any infectious disease, however different social structures across countries could make this element difficult to interpret [29] .
A finding worth mentioning is the retrospective identification of possible outbreaks for some diseases in the study period. For example, national data and press confirmed the increase of incidence of viral meningitis in the summer of 2001 [16, 30] . However, 2001 was the year when the new combined vaccine for meningitis was introduced in Greece, so this may have played a role in notification of the disease becoming more increased. The notification rate for meningitis was nearly 90% that year. In 2004, due to the Olympic Games taking place in Greece, the surveillance system was strengthened, by new personnel and informational campaigns on infectious diseases on health services, leading to improved notification rates at least for tuberculosis cases [16, 31] .
Communicable diseases may spread through uncontrolled immigration of people coming from endemic regions to Greece [32, 33] . In 2004, immigrants in Greece numbered more than one million, accounting for 10% of the population. In the prefecture of Achaia, a continuous influx of of immigrants originating from Asia, namely Pakistan, India, Iraq, and Afghanistan, regions with a high incidence of infectious diseases, was observed in the last decade, however, the majority of immigrants still come from neighbouring countries, especially from Albania (55%) [30] . Given that cases among immigrants who do not have an official residence are less likely to be notified [33] , targeted services that ensure that also these cases are captured should be available.
We acknowledge that the results of this study cannot be extrapolated to the whole national notification system of Greece but are indicative of the magnitude of undernotification that takes place. Variations in notification rates related to residence, to hospital size, to season and to informal reporting need to be studied further to verify the full extent of undernotification and factors influencing it.
To conclude, we believe that reporting of communicable diseases should be improved in regional level.
The Athens Olympic Games revealed that inadequate training, alertness and limited funding were major drawbacks in system efficacy [31] . Until a more sophisticated system is adopted, simplifying the notification form and KEELPNO providing physicians and PHD personnel with targeted and regular information on trends for specific notifiable diseases and the necessity of completing the notification forms would be measures which could be applied with benefit. In addition, earlywarning systems involving for example primary healthcare services could be utilised.
